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ABSTRACT
This study considered whether the dynamics of flicker adap-
tation can be explained in terms of probability summation
over time between independent ON- and OFF-processors.
Foveal thresholds were measured for flickering probes, and
for static ON- and OFF-probes that have durations consistent
with the flicker duty cycle.Thresholds were obtained using a
probe-flash stimulus onset asynchrony paradigm. The
outcome of the experiment suggests that flicker thresholds
are lower than the component ON- and OFF-thresholds, and
that the flicker response can be predicted by assuming prob-
ability summation between the ON- and OFF-mechanisms.
Key words: adaptation, flicker, ON- and OFF-probes,
probability summation, stimulus onset asynchrony (SOA).
INTRODUCTION
The perception of flicker can be generated by repeating
luminous increments (ON) followed by luminous decre-
ments (OFF), and these static components (increments and
decrements) may provide the information required to
predict thresholds for a flickering stimulus. In this paper we
consider whether detection of flickering probes can be 
predicted by probability summation over time between 
ON- and OFF-mechanisms. We applied a test paradigm 
that assessed the adaptive response of ON, OFF and flicker-
ing impulses using a probe-flash stimulus onset asynchrony
(SOA).1 In doing so, we assumed that if the adaptive
response of ON- and OFF-processors are similar to the
flicker response, then they are being mediated by a common
mechanism. The stimuli used in this study were likely to
isolate lower order mechanisms.
METHODS
Four participants with visual acuities of 6 / 6 or better, 
and normal colour vision and ocular health, were recruited 
in accordance with institutional ethics requirements.
Observers were tested monocularly at a viewing distance of
100 cm following pupil dilation (0.5% Tropicamideä ;
Alcon Australia, Frenchs Forest, NSW, Australia). All stimuli
were generated with a Cambridge Research Systems
VSG2/3 graphics card (Rochester, UK) and displayed on a
calibrated Hitachiä HM-47231-D colour monitor (frame
rate: 120 Hz) (Hitachi, Sydney, Australia). The visible area
of the screen subtended 19.3° by 13.7° and was surrounded
by a large white background (53° by 53 ° visual angle) that
was approximately matched for luminance to the adapting
background with neutral density filters.
Foveal thresholds were measured for white (1931 CIE,
x = 0.238, y = 0.319) 0.5° spots using a two-interval forced
choice ZEST psychophysical algorithm,2 with 30 presenta-
tions for two classes of stimuli: (i) a one-cycle flickering
probe (50% duty cycle, 4 Hz and 20 Hz); and (ii) static
ON- and OFF-probes with durations consistent with the
flicker duty cycle (125 and 25 ms). The temporal frequen-
cies were integer multiples of the frame rate and were always
presented with the positive phase first. End-points were
obtained relative to onset and offset (SOA) of a condition-
ing flash (12°, 21.5 cd/m2, 550 ms) seen against the steady
white adapting background (4 cd/m2). The flicker thresh-
olds are given as the mean-to-peak amplitudes.
Flicker thresholds were modelled assuming probability
summation3,4 (Equation 1) between independent ON- and
OFF-processors,
Sf = (Sonn + Soffn) – 1/n (Equation 1),
where flicker sensitivity is represented by Sf; Son and Soff were
the sensitivities of the ON- and OFF-mechanisms, respec-
tively, and n is the summation index. For the purposes of
modelling, the summation index was assumed to have a
value of 2.
RESULTS
Figures 1 and 2 show the average data from four observers
(mean – SEM). In these figures, thresholds (cd/m2) for the
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20 Hz (Fig. 1) and 4 Hz (Fig. 2) flicker and static conditions
are plotted as a function of SOA (msec). In each figure, the
upper graph gives the ON-thresholds shown at the begin-
ning of their cycle, while the OFF-thresholds are plotted to
indicate their actual time of occurrence as part of the flick-
ering stimulus. The dotted line in the upper figure represents
the average flicker thresholds, which are shown in the lower
graph by unfilled circles, with the solid line being the model
prediction (Equation 1).
The major features of our data can be identified in terms
of well-known adaptive characteristics:1,5–8 (i) a rise in
threshold from the baseline prior to flash onset (forward
masking); (ii) a rapid decrease in threshold after flash onset
(fast adaptation); (iii) a plateau during flash presentation
(slow adaptation); (iv) a threshold rise prior to flash offset;
and (v) a return to baseline after offset.
These results show that thresholds for the flicker and
ON- and OFF-probes vary as a function of SOA. Both the
ON- and OFF-processors were affected more by flash onset
than flash offset. The ON-processor was desensitized more
than the OFF-processor at flash onset. Sensitivity for both
the 4 Hz and 20 Hz flickering probes was greater than for
the equivalent ON- or OFF-probes. Although absolute sen-
sitivity to flicker was higher with the 4 Hz probe, both tem-
poral frequencies were masked to a similar magnitude
(approximately 1 log unit) relative to their baseline perfor-
mance.
The 4 Hz and 20 Hz flicker thresholds have been mod-
elled by assuming probability summation between the ON-
and OFF-processors (Figs 1,2). The modelled flicker thresh-
old (Equation 1) corresponds to a pair of thresholds for ON-
and OFF-probes that occurred at the appropriate phases of
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Figure 1. Top: Average thresholds (cd/m2, mean – SEM) for two
classes of probes: static 25 msec ON (h) and OFF (j) measured 
relative to onset and offset stimulus onset asynchrony of a condi-
tioning flash (21.5 cd/m2, 550 msec) seen against a steady white
adapting background (4 cd/m2). The dotted line indicates 20 Hz
flicker thresholds.
Bottom: Average flicker thresholds (cd/m2, mean – SEM) for the
20 Hz impulse (s) and the predicted sensitivity derived from prob-
ability summation between ON- and OFF-processors (solid line,
Equation 1). The cross-hatched rectangle at the bottom of the
lower figure indicates the flash presentation.
Figure 2. Top: Average thresholds (cd/m2, mean – SEM) for two
classes of probes: static 125 msec ON (h) and OFF (j) measured 
relative to onset and offset stimulus onset asynchrony of a condi-
tioning flash (21.5 cd/m2, 550 msec) seen against a steady white
adapting background (4 cd/m2). The dotted line indicates 4 Hz
flicker thresholds. The predicted flicker sensitivity is given by the
solid line (lower figure, Equation 1).
the flicker cycle. The goodness of fit of the model was
assessed with a c 2 test. The relationship between the
average flicker thresholds and the model for the 4 Hz
(c 210 = 0.484, P = 0.999) and 20 Hz (c 218 = 1.333, P = 1.000)
indicate that flicker thresholds were not significantly 
different from the model. The individual fits for our four
observers also indicate a good fit of the model to their data
(4 Hz: c 2 range, 0.093–1.372, NS; 20 Hz: c 2 range,
1.421–4.310, NS). It is evident from the results that the
model provides a good description of flicker thresholds.
DISCUSSION
The dynamics of flicker adaptation were investigated with
the probe-flash SOA paradigm and modelled assuming
probability summation between independent ON- and OFF-
processors. This data demonstrated the classical five-
component Crawford adaptive response.1 It was hypothe-
sized that by establishing thresholds separately for the 
positive and negative components of the flicker, in the
appropriate phase, the time course of visual adaptation for
the flickering stimulus could be predicted if flicker process-
ing was dependent on the output of these mechanisms. It
was found that flicker thresholds were generally lower than
thresholds for ON- and OFF-mechanisms. We were able to
show at two temporal frequencies (4 Hz, 20 Hz) that it is
possible to closely predict the dynamics of flicker 
adaptation by assuming that flicker perception is produced
through independent ON- and OFF-processors that
summate over time.3,4
The spatial characteristics of the stimuli used in this study
suggest that we, most likely, isolated lower order mecha-
nisms. This contrasts with investigations that have explicitly
attempted to isolate higher order mechanisms.6–10 Using a
stimulus with spatial profiles specific for cortical cells,
Bowen and Wilson6 disclosed similar trends to our data in
the masking for their probe-flash onsets and offsets. They
explain their findings, based on these higher order stimuli,
in terms of differences between ON- and OFF-processors
that demonstrate divisive inhibition in their adaptive
response. We do not believe that divisive inhibition is
involved in our lower order stimulus and feel that we are
dealing with local light adaptation effects as opposed to
higher order cortical mediated pattern adaptation.
The observer’s absolute sensitivity to the 4 Hz stimulus
was higher than for the 20 Hz spot. This is consistent with
the fact that the temporal filters subserving temporal modu-
lation at 4 Hz have greater sensitivity than those mediating
the 20 Hz flicker.11 Furthermore, the duration of the 4 Hz
probe was five times longer than was that of the 20 Hz
probe, so if probability summation were to act over time,
lower thresholds could be expected from this factor alone.
It is important to note that OFF-probes showed lower
thresholds than did ON-probes. This difference in sensitiv-
ity might reflect the fact that the ON-stimulus has a shorter
SOA, which might interact with the fast phase of the adap-
tational response, as thresholds for the ON-stimulus are
being established at a time when the fast phase of adaptation
is actively changing. However, our experiment was not
designed to consider this issue fully.
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